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WHAT IS CLAIMED IS:

N\An interband tunnel diode, comprising;:

a botdom injector;

a top injector IQrmed adjacent to, but not necessarily in direct contact with, the bottom
injector, the bottom injector and top injector layers forming a p-n junction; and
a material inserted bdtween the bottom injector and top injector which serves as a tunnel

barrier.

2 The interband tunnel diode as recited in claim 1, wherein the layers in the interband

tunnel diode are a semiconductor or insulator.

3. The interband tunnel diode as resited if claim 1, wherein the layers in the interband

tunnel diode are a Si compatible material.

4. The interband tunnel diode as recited, | wherein the layers in the interband

tunnel diode are comprised of a Group IV alloy.

5. The interband tunnel diode as recifed in clai , wherein the layers in the interband
Sn, Si,Ge,, Si,,C,, Si,..Sn,; St

,Ge,C,, Si,..,..Ge,C,Sn,, Si,,0,, Si,,N,, Al O,, or cgmbinatiogs thereof.

tunnel diode are comprised of, but not limited to, S1,|Ge, C

6. The interband tunnel diode as recited in claim 1, whereiR the tunnel barrier material

is doped below 10" cm™.

7 The interband tunnel diode as recited in claim 1, wherein the tunngl barrier 1s less than

or equal to 50 nm thick.

8. The interband tunnel diode as recited in claim 1, wherein the tunnel barridg is less than

or equal to 10 nm thick.
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9\The interband tunnel diode as recited in claim 1, wherein the doping concentrations of

the top and Dottom injector layers are between 1x10'° cm™ and 5x10* cm™, and not necessarily

equal.

10. The intdband tunnel diode as recited in claim 1, wherein the top and bottom spacer

layers are doped beloy 10'” cm™, and not necessarily equal.

11. The interband el diode as recited in claim 1, wherein the thickne_éé of the top and

bottom spacer layers are betyeen 0 and 50 nm, and not necessarily equal. '

12. The interband tunnel diode as recited in claim 1, wherein the thickness of the top and

bottom spacer layers are between O\and 10 nm, and not necessarily equal.

13. An interband tunnel diode,
a bottom injector;

a bottom spacer;

a top spacer;

a top injector formed adjacent to, but ngf necess

ers érm'
\

njector and top injector which serves as a tunnel

ily in direct contact with, the bottom

injector, the bottom injector and top injector 1 g a p-n junction;
a material inserted between the botto

barrier; and

wherein a first quantum well is formed adjacent{to, but\pot necessarily in direct contact

with, the bottom injector layer and the tunnel barrier.

14. The interband tunnel diode as recited in claim 13, whersin the quantum well is

formed by an energy band offset at, or near, a heterojunction.

15. The interband tunnel diode as recited in claim 13, wherein the \quantum well is

formed by a highly doped layer.

16. The interband tunnel diode as recited in claim 13, wherein the quantugn well is

formed by a &-doped layer.



Docket No. 3531-0101P

32

17.X¥he interband tunnel diode as recited in claim 13, wherein the quantum well leads to

a resonant tufneling between said quantum well and the opposite polarity injector layer.

18. The ikterband tunnel diode as recited in claim 13, wherein the layers in the interband

tunnel diode are a semiconductor or insulator.

19. The interbahd tunnel diode as recited in claim 13, wherein the layers in the interband

tunnel diode are a Si compatible material.

20. The interband tunnkl diode as recited in claim 13, wherein the layers in the interband

3 tunnel diode are comprised of a Group IV alloy.
&
Lj 21. The interband tunnel diode\as recited in claim 13, wherein the layers in the interband

t4  tunnel diode are comprised of, but not litgited to, Si, Ge, C, Sn, Si, Ge,, Si,C,, Si,,Sn,, Si,_,

£ ,GeC,, Si}.y.Ge.C,Sn,, Si, O, Si;,N,, Al;} O,, 9 combinations thereof.

Sy m
!i,;}l -

22. The interband tunnel diode as recited i claim 16, wherein the quantum well is doped

¥ above 10" cm™.
b
b 23. The interband tunnel diode as recitfd in claim 16, wherein the quantum well is doped

/

above 10" cm™.

24. The interband tunriei diode as recited in claim] 16, whérein the quantum well material

is less than or equal to 10 nm thick.

25. The interband tunnel diode as recited in claim 16, wherein thé\quantum well material

is less than or equal to 2.5 nm thick.

26. The interband funnel diode as recited in claim 13, wherein the tunnelNbarrier material

is doped below 10'" cm™.

27. The interband tunnel diode as recited in claim 13, wherein the tunnel barrier is less

than or equal to 50 nm thick.
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8 \XThe interband tunnel diode as recited in claim 13, wherein the tunnel barrier is less

10 nm thick.

than or equal t

29. The intéxband tunnel diode as recited in claim 13, wherein the doping concentrations
of the top and bottom Iqjector layers are between 1x10" cm™ and 5x10% cm™, and not necessarily

equal.

30. The interband tunng] diode as recited in claim 13, wherein the top and bottom spacer

layers are doped below 10'7 cm™N\and not necessarily equal.

31. The interband tunnel diode\as recited in claim 13, wherein the thickness of the top

and bottom spacer layers are between 0 ard 50 nm, and not necessarily equal.

33. An interband tunnel diode, comprising:

a bottom injector;

a bottom spacer;

a top spacer;

a top injector formed adjacent to, but not necessarily in dire¢t contact with, the bottom
injector, the bottom injector and top injector layers forming 4 p-n junction;

a material inserted between the bottom injector and top injector which serves as a tunnel
barrier;

wherein a first quantum well is formed adjacent to, but not necessarily\in direct contact
with, the bottom injector layer and the tunnel barrier; and

wherein a second quantum well is formed adjacent , but not necessarily in dirgct contact

with, the bottom injector layer and the tunnel barrier.

34. The interband tunnel diode as recited in claim 33, wherein the first and se ond

quantumn wells are formed by an energy band offset at, or near, a heterojunction.
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33\ The interband tunnel diode as recited in claim 33, wherein the first and second

quantum wels are formed by a highly doped layer.

36. The\interband tunnel diode as recited in claim 33, wherein the first and second

quantum wells ard formed by a 5-doped layer.

37. The interBand tunnel diode as recited in claim 33, wherein the first and second

quantum wells lead to a\gesonant tunneling between said quantum wells.

38. The interband qel diode as recited in claim 33, wherein the tunnel barrier is formed

between the bottom and top iMjector layers, wherein the first and second quantum wells are

formed adjacent to the tunnel ba

39. The interband tunnel diodess recited in claim 33, wherein the layers in the interband

tunnel diode are a semiconductor or insulator.

40. The interband tunnel diode as recrted i , wherein the layers in the interband

tunnel diode are a Si compatible material.

41. The interband tunnel diode as recitéd in 3, wherein the layers in the interband

tunnel diode are comprised of a Group IV ly_.

42. The interband tunnel diode as récited in claim 33, wherein the layers in the interband
tunnel diode are comprised of, but not limited to, Sif Ge, C\Sn, Si,.Ge,, 5i,..C,, S1,..Sn,, Sty

,Ge,C,, Si,.,.,..Ge,C,Sn,, 5i,,0,, S1,..N, Al O,, or combinati

43. The interband tunnel diode as recited in claim 36, wherein the first and second

quantum wells are doped above 10'? cm™, and not necessarily equal.

44. The interband tunnel diode as recited in claim 36, wherein the first and second

quantum wells are doped above 10" cm?, and not necessarily equal.

45. The interband tunnel diode as recited in claim 36, wherein the first\and second
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tum well material is less than or equal to 10 nm thick, and not necessarily equal.

6. The interband tunnel diode as recited in claim 36, wherein the first and second

quantum Well material is less than or equal to 2.5 nm thick, and not necessarily equal.

47. ThAinterband tunnel diode as recited in claim 33, wherein the tunnel barrier material

is doped below 1§7 cm™.

48. The interbgnd tunnel diode as recited in claim 33, wherein the tunnel barrier is less

than or equal to 50 nm tRick.

" 49. The interband tanel diod€ a} recited in claim 33, wherein the tunnel barrier 1s less

than or equal to 10 nm thick.

recited in claim 33, wherein the doping concentrations

between 1x10* ¢cm™ and 5x10%? cm™, and hot necessarily

51. The interband tunnel diode as recited in claim 33, wherein the top and bottom spacer

layers are doped below 10'” cm™, and not necessagily equal.

52. The interband tunnel diode as recited in claim 33, wherein the thickness of the top

and bottom spacer layers are between 0 and 50 nm, and nd{ necessarily equal.

53. The interband tunnel diode as recited in claim 33, wherein the thickness of the top

and bottom spacer- layers are between 0 and 10 nm, and not necess

54. A method of fabricating an interband tunnel diode, the methodbomprising the steps
of: -

layering a bottom injector;

layering a top injector adjacent to, but not necessarily in direct contact with, the bottom
injector, the bottom injector and top injector layers forming a p-n junction; and

layering a material betwéen the bottom injector and top injector which serves as a tunnel
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barrier.

55. A method of fabricating an interband tunnel diode, the method comprising the steps
of:

layering a bottom injector;

layering a bottom spacer,

layering a top spacer; R

layering a top injector adjacent to, bE not necessarily in direct contact with, the bottom
injector, the bottom injector and top injector layers forming a p-n junction; and

layering a material between the bottom injector and top spacers which serves as a tunnel

barrier.

56. A method of fabricating an interband tunnel diode, the method comprising the steps
of:

layering a bottom injector;

layering a bottom spacer;

layering a top spacer;

layering a top injector adjacent to, but not necessarily in direct contact with, the bottom
injector, the bottom injector and top injector layers forming a p-n junction; and

layering a material between the bottom iir‘lj ector and top injector which serves as a tunnel
barrier; and

wherein a quantum well is formed adjacent to, but not necessarily in direct contact with,

the bottom injector layer and the tunnel barrier.

57. A method of fabricating an interband tunnel diode, the method comprising the steps
of:

layering a bottom injector;

layering a bottom spacer;

layering a top spacer;

layering a top injector adjacent to, but not necessarily in direct contact with, the bottom



.}
Docket No. 3531-0101P
37

injector, the bottom injector and top injector layers forming a p-n junction; and

layering a material between the bottom injector and top injector which serves as a tunnel
barrier;

wherein a first quantum well is formed adjacent to, but not necessarily in direct contact

with, the bottom injector layer and the tunnel barrier; and

wherein a second quantum well is formed adjacent , but not necessarily in direct contact

with, the bottom injector layer and the tunnel barrier.

58. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,

and 57, wherein the layers in the interband tunnel diode are grown epitaxially.

59. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,
and 57, wherein the layers in the interband tunnel diode are grown epitaxially, wherein the

epitaxial layers in the interband tunnel diode are a semiconductor or insulator.

" 60. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,
and 57, wherein the layers in the interband tunnel diode are grown epitaxially, wherein the

epitaxial layers in the interband tunnel diode are comprised of a Group IV alloy.

61. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,
and 57, wherein the layers in the interband tunnel diode are grown epitaxially, wherein the
epitaxial layers in the interband tunnel diode are comprised of, but not limited to, Si, Ge, C, Sn,

Si, Ge,, Si,,C., Si,..Sn,, Si,,Ge,C,» Si,.ry..G€,C,Sn,, Si; O, Sip N, Al,,O,, or combinations
thereof. '

62. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,

and 57, wherein the layers in the interband tunnel diode are grown in a molecular beam epitaxial
(MBE) growth system.

63. The method of fabricating an interband turinel diode as recited in claims 54, 55, 56,

and 57, wherein the layers in the interband tunnel diode are grown in a chemical vapor deposition
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(CVD) growth system.

64. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,
and 57, further comprising the step of heat treating the interband tunnel diode, during or after

growth of the layers in the interband tunnel diode.

65. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,
and 57, further comprising the step of heat treating the interband tunnel diode,u_during or after
growth of the layers in the interband tunnel diode, using an inert or reducing atmbsphere, or

moreover a reduction in ambient gas pressure at a temperature in the range of 300 to 1000°C.

66. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,
and 57, further comprising the step of heat treating the interband tunnel diode, during or after
growth of the layers in the interband tunnel diode, using an inert or reducing atmosphere, or

moreover a reduction in ambient gas pressure at a temperature in the range of 450 to 900°C.

67. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,
and 57, further comprising the step of heat treating the interband tunnel diode, during or after

growth of the bottom quantum well layer in the interband tunnel diode.

68. The method of fabricating an interband tunnel diode as recited in claims 54, 55, 56,
and 57, further comprising the step of heat treating the interband tunnel diode, during or after

growth of the top and bottom quanturn well layers, the top and bottom spacer layers, or the tunnel

barrier in the interband tunnel diode.

69. The method of fabricating an interband tunnel diode as recited in claim 58, wherein

the epitaxial growth system occurs over a substrate temperature range between 50°C and 900°C

during growth of the layers in the interband tunnel diode.

70. The method of fabricating an interband tunnel diode as recited in claim 58 further
comprising the step of lowering the substrate temperature before or during growth of the bottom

injector layer in the interband tunnel diode.
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71. The method of fabricating an interband tunnel diode as recited in claim 58 further
comprising the step of lowering the substrate temperature before or during growth of the bottom

quantum well in the interband tunnel diode.

72. The method of fabricating an interband tunnel diode as recited in claim 58 further
comprising the step of elevating the substrate temperature before or during growth of the bottom

injector layer in the interband tunnel diode.

73. The method of fabricating an interband tunnel diode as recited'in claim 58 further
comprising the step of elevating the substrate temperature before or during growth of the bottom

quantum well in the interband tunnel diode.

74. A method of fabricating an interband tunnel diode by heat treating, during or after

growth of the layers in the interband tunnel diode.

75. A method of fabricating an interband tunnel diode as recited in claim 74 by heat
treating the diode using an inert or reducing atmosphere, or moreover a reduction in ambient gas

pressure.

76. A method of fabricating an interband tunnel diode as recited in claim 74 by heat

treating the diode at a temperature in the range of 300 to 1000°C.

77. A method of fabricating an interband tunnel diode as recited in claim 74 by heat

treating the diode at a temperature in the range of 450 to 900°C.

78. A method of fabricating an interband tunnel diode as recited in claim 74 by heat

treating the diode at a temperature in the range of 600 to 800°C.

79. A method of fabricating an interband tunnel diode as recited in claim 74 by heat

treating the diode for up to 6 hours.

80. A method of fabricating an interband tunnel diode as recited in claim 74 by heat

treating the diode for up to 1 hour.
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81. A method of fabricating an interband tunnel diode as recited in claim 74 by heat

treating the diode for up to 10 minutes.

82. A method of fabricating an interband tunnel diode as recited in claim 74 by heat

treating the diode for up to 2 minutes.

83. A method of fabricating an interband tunnel diode by growing at least one quantum

well epitaxially at reduced substrate temperature.

84. A method of fabricating an interband tunnel diode as recited in claim 83 by growing

at least one quantumn well epitaxially while maintaining a substrate temperature between 0°C and

900°C.

85. A method of fabricating an interband tunnel diode as recited in claim 83 by growing

at least one quantum well epitaxially while maintaining a substrate temperature between 20°C

and 500°C.
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